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Related Application 

[0001] The present application claims priority of U.S. Patent 
Application Serial No. 60/508,715 filed by Karl Schrodinger and 
Jurgen Blank on October 2, 2003. 

Field of the Invention 

[0002] The invention relates to a drive device for a light- 
emitting component. It is used in particular in a laser 
regulating module. 

Background of the Invention 

[0003] It is known, in drive devices for light -emitting 
components, to use light detectors, for example monitor 
photodiodes, which measure the light power of the light-emitting 
component. The measured light power is compared with a desired 
light power in a regulating device. Depending on the difference 
between these light power values, a regulation signal that 
regulates the light power of the light-emitting component is 
generated in such a way that the deviation between the desired 
light power and the measured light power becomes minimal. In 
particular, the setting of a bias current through the light- 
emitting component is effected in this way. 
[0004] The use of light detectors is disadvantageously 
associated with costs for the provision of the detectors and 
their integration into the drive device. Moreover, light 
detectors often have inherent measurement errors. By way of 
example, so-called "monitor tracking errors" arise in monitor 
photodiodes integrated in laser diodes. These "monitor tracking 
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errors" are based on temperature-dependent inaccuracies or 
measurement errors of the monitor diode, which should actually 
correctly measure the coupled- in optical power of the laser 
diode . 

Object of the invention 

[0005] The present invention is based on the object of 
providing a drive device for a light -emitting component which 
manages without a light detector. 

Summary of the Invention 

[0006] The present invention provides a drive device for a 
light-emitting component, the drive device having: a reference 
source, which generates a current specification signal specifying 
a desired current through the light -emit ting component, a current 
mirror circuit, which generates a current equal to a fraction of 
the actual current through the light-emitting component, and a 
regulating device having a first input and a second input, the 
first input being connected to the current mirror circuit and the 
second input being connected to the reference source. The 
regulating device generates a regulation signal that regulates 
the current through the light -emitting component in such a way 
that the deviation between the desired current and the actual 
current becomes minimal . 

[0007] The solution according to the invention is based on the 
concept of replacing a monitor diode by a current mirror circuit 
which mirrors a fraction of the current through the light- 
emitting component back to one input of the regulating device. 
The current mirror circuit may be realized by an additional 
circuit for the customary circuit parts of a drive circuit for 
light regulation without having to modify the existing circuit 
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parts. It can therefore be realized in a simple and cost- 
effective manner. 

[0008] In this case, the current mirror circuit provides an 
electrical feedback which maps the current through the light - 
emitting component with a factor onto one input of the regulating 
device. In this way, the current for the light -emitting 
component and thus at constant temperature the light power of the 
component can be regulated in a constant manner even without a 
monitor diode. 

[0009] In a preferred refinement of the invention, the current 
mirror circuit has a first transistor, which generates a current 
proportional to the current through the light-emitting component. 
Furthermore, the current mirror circuit has a second and a third 
transistor, which form the actual current mirror. The current 
mirror has a reference current and a load current, the reference 
current being formed by the current generated by the first 
transistor and the load current being fed to the first input of 
the regulating device. 

. [0010] In order to provide a current through the first 
transistor that is proportional to the current through the light - 
emitting component, provision is preferably made for the control 
terminal of the first transistor to be connected to the output of 
the regulating device. Likewise connected to the output of the 
regulating device is the control terminal of a further 
transistor, which provides the current through the light-emitting 
component. The current through the first transistor and the 
current through the further transistor thus have a temperature- 
independent fixed factor. In this case, the control terminal is 
the base terminal in the case of bipolar transistors and the gate 
terminal in the case of field-effect transistors. 
[0011] In a preferred refinement, the current mirror circuit 
has : 
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a first NPN transistor, the base terminal of which is 
connected to the regulating device and the emitter terminal of 
which is grounded, 

a first PNP transistor, the base terminal and the collector 
terminal of which are connected to the collector terminal of the 
first NPN transistor and the emitter terminal of which is 
connected to a positive supply voltage if appropriate via a 
resistor, and 

a second PNP transistor, the base terminal of which is 
connected to the base terminal of the first PNP transistor, the 
emitter terminal of which is connected to the positive supply 
voltage if appropriate via a resistor and the collector terminal 
of which is connected to the first input of the regulating 
device . 

[0012] NPN transistors may be replaced by n-channel MOS 
transistors and PNP transistors may be replaced by p-channel MOS 
transistors. 

[0013] It may be provided that the current mirror circuit has 
an additional switch, which can connect or disconnect a current 
of the current mirror circuit which is present at the first input 
of the regulating device. The switch may be designed as a MOS 
transistor, for example. 

[0014] It is pointed out that the present invention provides a 
direct regulation of the current through the laser diode. The 
light power is not regulated since it is not detected directly. 
However, at constant temperature, the light power is 
unambiguously defined by the laser current. In the event of 
temperature changes, by contrast, the light power of the laser 
diode changes given a fixed laser current. In order to achieve a 
constant light power, the laser current must therefore be changed 
in the event of temperature changes. This is possible without 
measurement of the light power and the direct regulation thereof 
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when the temperature dependence of the laser diode is known, so 
that the laser current required for a desired light power at a 
specific temperature is known. 

[0015] The control of the laser current in the event of 
changing temperatures may be effected on the one hand by changing 
the current specification signal, generated by the reference 
source, in a manner dependent on the temperature present. On the 
other hand, the mirror factor of the current mirror circuit may 
be changed in a manner dependent on the temperature. In the 
first case, the desired value is changed in a temperature- 
dependent manner, and in the second case the feedback of the 
current regulation, as a result of which a changed current 
through the laser diode is generated, the changed current having 
the effect that the light power of the laser diode remains 
constant despite the change in temperature. 

[0016]. In a preferred refinement of the invention, the current 
mirror circuit is accordingly designed in a temperature -dependent 
manner, i.e.. the mirror factor. of the current mirror circuit 
changes with temperature. In this case, the current, mirror 
circuit feeds a temperature -dependent current to the first input 
of the regulating device, which current completely or partially 
simulates the known temperature response of the light -emitting 
component . 

[0017] In order to realize, a temperature dependence, the 
current mirror circuit has two resistors, for example, which have 
different temperature dependencies. In particular, the resistors 
respectively arranged between an emitter terminal of a PNP 
transistor of the current mirror and the supply voltage have 
different temperature dependencies. 

[0018] In a development of this refinement, provision is made 
for the current mirror circuit additionally to have circuit means 
which permit connection and disconnection of further resistors in 
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order to be able to generate different temperature dependencies. 
In this way, the current mirror circuit can be used in 
conjunction with different light-emitting components which have 
different known temperature dependencies. Depending on the 
light -emit ting component used, an altered temperature dependence 
of the current mirror voltage is produced by connection or 
disconnection of a resistor. 

[0019] In this case, the further resistors are connected in 
parallel for example with a resistor arranged between the emitter 
terminal of one of the PNP transistors and the supply voltage. 
[0020] In a further preferred refinement, the drive device 
additionally has a correction device, which compensates for a 
temperature-dictated error of the current mirror circuit by 
modifying in a temperature -dependent manner the current 
specification signal generated by the reference source. Such a 
correction device is disclosed in the pending US patent 
application of July 3, 2003 by the inventor Karl Schrodinger, 
entitled "Drive Device for a Light-emitting Component", the 
content of which is incorporated by reference into the present 
application. 

[0021] In a further refinement of the invention, the drive 
device additionally has a monitor diode, which can be connected 
to the first input of the regulating device. For this case, 
changeover means are provided, which feed either an output signal 
of the monitor diode or an output signal of the current mirror 
circuit to the first input of the regulating device. A simple 
changeover between the regulation by means of a monitor diode and 
a direct current control can be effected in this way. 

Brief Description of the Drawings 

[0022] The invention is explained in more detail below using 
an exemplary embodiment with reference to the figures, in which: 
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[0023] Figure 1 shows an exemplary embodiment of a drive 
device for a laser with a diagrammatically illustrated current 
mirror circuit; 

[0024] Figure 2 shows a drive circuit in accordance with 
figure 1, illustrating an exemplary embodiment for the current 
mirror circuit; 

[0025] Figure 3 shows the ratio of the current through the 
laser diode to the current generated by the current mirror 
circuit as a function of the laser temperature in the case of the 
drive device of figures 1 and 2; and 

[002 6] Figure 4 shows an alternative configuration of the 
current mirror circuit of figure 2, in which a plurality of 
resistors can be connected by switches. 

Description of a Preferred Exemplary Embodiment 

[0027] Figure 1 shows the basic elements of a drive device for 
a laser diode 1 . The drive device has a reference generator 

(source) 4, which generates a specification signal UREF1 
specifying a desired current through the laser diode 1. . 

[0028] The signal UREF1 is modified by a correction device 5 
and, after modification, fed as signal UREF2 to an input 22 of a 
regulating device 2. A further input 21 of the regulating device 
2 is fed a signal which is proportional to the current Ila S 
flowing through the laser diode 1. The regulating device 2 
generates a regulation signal that controls the current Ilas 
through the laser diode 1. 

[0029] In order to generate a regulation signal for the laser 
current Ila S / the regulating device 2 has an operational amplifier 
2' , the "inverting" input 21' of which is connected to the input 
21 of the regulating device via a variable resistor RBIAS . A 
voltage V RBIAS proportional to the current fed into the input 21 of 
the regulating device 2 is thus present at the inverting input 
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21' of the operational amplifier 2'. In this case, by means of 
the variable resistor RBI AS , the laser current Ila S can be preset 
"by hand" or in user-specific fashion. 

[0030] The "noninverting" input 22' of the operational 
amplifier 2' is connected to one input 22 of the regulating 
device 2, so that the modified specification signal UREF2 is 
applied to it. 

[0031] The regulating device 2 or the operational amplifier 2' 
is connected, on the output side, to a base terminal of a control 
transistor T2 , which generates the current Ilas through the laser 
diode 1. In this case, the emitter terminal of the control 
transistor T2 is grounded, while the collector terminal forms the 
terminal for the laser diode 1. The output of the operational 
amplifier 2' has a current output, for example, in which case, 
together with a capacitance CBIAS, an integrator circuit is 
produced which carries out an averaging of the signal fed to the 
input 21. However, a differently configured integrator circuit 
may also be used. 

[0032] It is pointed out that the drive device .illustrated in 
figure 1 sets the DC BIAS current through the laser diode 1. In 
addition, a modulation current modulated in accordance with a 
data sequence to be transmitted is applied to the laser diode 1, 
for which purpose additional circuit elements which are known per 
se and are not illustrated here are provided. The current Ila S is 
thus equal to the DC BIAS current through the laser diode 1 . 

[0033] The task of the regulating device 2 consists in setting 
the laser current Ila S for the laser diode 1, taking account of 
the signals present at the two inputs 21, 22, in such a way that 
the deviation between the actual current and the desired current 
specified by the modified specification signal UREF2 becomes 
minimal . 



8 



INFMN-003 



Express Mail No: EV 302 354 066 US 



[0034] In order to provide a signal proportional to the actual 
current Ilas through the laser diode 1 at the input 21 of the 
regulating device, it is known to provide a monitor diode 6, 
which detects a fraction of the light emitted by the laser diode 
1. In this case, the current through the monitor diode 6 that is 
fed to the input 21 of the regulating device 2 is proportional to 
the light power of the laser diode 1, which is in turn 
proportional to the current I^s flowing through the laser diode. 
[0035] Provision is now made for using, instead of or in 
supplementation of a monitor diode 6, a current mirror circuit 
with a current mirror 3 and a further transistor Tl, the base of 
which is likewise connected to the output of the regulating 
device 2 . This is explained in more detail below with reference 
to the exemplary embodiment of figure 2 . 

[0036] The current mirror circuit 30 has the NPN transistor 
Tl, the base terminal of which is connected to the output of the 
regulating device 2 and the emitter terminal of which is 
grounded. The actual current mirror is formed from two PNP 
transistors T3, T4 , the base terminal and the collector terminal 
of one PNP transistor T3 being connected to the collector 
terminal of the NPN transistor Tl . The emitter terminal of the 
PNP transistor T3 is connected to a positive supply voltage V cc 
via a resistor Rl . 

[0037] The base terminal of the second PNP transistor T4 is 
connected to the base terminal of the first PNP transistor T3 . 
The emitter terminal is connected to the positive supply voltage 
via a second resistor R2 and the collector terminal is connected 
to the first input 21 of the regulating device 2. 
[0038] Accordingly, the base-emitter voltage of the two PNP 
transistors T3 , T4 is adapted to one another, which precisely 
constitutes the particular feature of a mirror circuit. 
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[0039] The collector terminal of the PNP transistor T4 is 
connected to one input 21 of the regulating device via a switch 
SW formed as MOS transistor T5 in the exemplary embodiment 
illustrated. The use of the switch SW is optional and enables 
the mirror circuit to be alternatively switched in or switched 
out . 

[0040] Changeover means 7 are furthermore provided, which feed 
either a signal of the monitor diode 6 or the signal present at 
the collector terminal of the transistor T4 to the input 21 of 
the regulating device 2 . A changeover between a regulation by 
means of a monitor diode 6 and a regulation by means of a current 
mirror circuit is made possible in this way. If provision is 
made for completely dispensing with a monitor diode 6, the 
changeover means 7 are obviated and the collector terminal of the 
transistor T4 is then connected to one input 21 of the regulating 
device 2 via the switch SW or directly. 

[0041] The method of operation of the current mirror circuit 
is as follows. The laser diode 1 is controlled by the current . 
Ilas generated by the control transistor T2 . In parallel with 
this, the transistor Tl, the base terminal of which is likewise 
connected to the output of the regulating device 2, generates a 
current Ilas* proportional to the current Ilas- The current 
generated by the transistor Tl represents the reference current 
of the current mirror with the transistors T3 , T4 . The current 
mirror then generates a current Ilas**/ which is fed to one input 
of the regulating device 2 via the switch SW. Thus, via the 
current mirror, a fraction of the current Ilas through the laser 
diode 1 is mirrored back to one input of the regulating device 2. 
This effects a current regulation which keeps the current through 
the laser diode 1 constant. The current mirror circuit 30 
provides an electrical feedback to one input of the regulating 
device 2, which is indicated by an arrow. 
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[0042] Depending on the choice of the transistors T3, T4 and 
resistors Rl, R2 used, the current Ilas** fed to one .input of the 
regulating device 2 may be equal to the current Ilas* through the 
transistor Tl or represent a fraction of the current Ilas*- The 
current Ilas* through the transistor Tl represents a fraction of 
the current Ilas through the laser 1, so that overall - and that 
is a matter of significance - the current mirror circuit 3 0 
provides a current which represents a fraction of the current 
through the laser diode 1. Preferably, a current which is equal 
to 1/50 to 1/100 of the current through the laser diode is fed to 
the input 21 of the regulating device 2. 

[0043] It is now known that laser diodes have a temperature 
dependence, which has the effect that the light power of a laser 
diode decreases with increasing temperature given a constant 
current . 

[0044] A preferred refinement of the drive device described 
provides for the current Ilas** likewise to have a temperature 
dependence in order to simulate the temperature response of the . 
laser diode 1 used. Such a temperature response is illustrated 
in figure 3. It can be seen that the quotient of the current Ila S 
through the laser diode 1 with- respect to the current Ilas** at the 
collector output of the transistor T4 increases with increasing 
temperature. The current Ilas through the laser diode thus 
increases with increasing temperature. The illustration shows 
three curves for three different lasers. 

[0045] In order to generate such a temperature dependence, it 
may be provided that the two resistors Rl, R2 have different 
temperature dependencies through the current mirror circuit 30. 
The different temperature dependencies of the resistors Rl, R2 
result in a desired temperature response, of the output current 
Ilas**/ which is completely or partially simulated on the 
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temperature response of the laser diode 1. The latter is known, 
so that it is possible to simulate the temperature response. 
[0046] Without a temperature dependence of the current mirror 
circuit 30, the latter would always feed a constant current to 
one input 21 of the regulating device 2. The current through the 
laser diode 1 would likewise be constant, so that the light power 
of the laser diode 1 would decrease at increasing temperatures. 
Corresponding to the temperature response of the current Ilas** is 
the fact that, at increasing temperature, a smaller fraction of 
the current Ila S through the laser diode 1 is mirrored to the 
input 21 of the regulating device, that is to say the mirror 
factor of the current mirror circuit changes. However, a smaller 
input signal at the input 21 of the regulating device 2 ensures 
that the regulating device 2 generates a changed output control 
signal that leads to a larger current Ila S through the laser diode 
1, so that Ilas** is kept constant. The light power of the laser 
diode 1 can thus be kept constant. 

[0047] Figure 4 shows a circuit variation in which there is a 
changeover possibility in the current mirror. Thus, two 
resistors R3 , R4, which can be connected by switches SI, S2, are 
connected in parallel with the resistor Rl between the emitter 
terminal T3 and the supply voltage V C c- In this way, it is 
possible to simulate different temperature dependencies, for 
instance when using different laser diodes 1. For the rest, the 
circuit of figure 4 corresponds to the current mirror circuit of 
figure 2. 

[0048] Moreover, a simulation of the temperature dependence of 
the laser diode 1 may also be effected by means of the correction 
device 5 mentioned with regard to figure 1, to be precise in 
supplementation of or as an alternative to a simulation of the 
temperature dependence by the current mirror circuit. In the 
former case, the correction device preferably performs a fine 
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adjustment of the temperature dependence which has already been 
simulated to an approximation by the analog temperature-dependent 
current mirror circuit. Such a fine adjustment is expedient if 
the temperature response is reproduced inadequately or 
incorrectly by the current mirror circuit. In the second case, a 
temperature dependence of the current Ilas** of the current mirror 
circuit is dispensed with and the complete temperature control is 
effected by means of the correction device 5. 

[0049] The correction device has, in accordance with figures 1 
and 2, an analog addition element (Adder) 54, a control device 
(Controller) 52, a freely programmable memory (RAM module) 51 and 
a temperature sensor 53. In this case, the function is as 
follows. The reference generator 4 generates a specification 
signal UREF1, which specifies the desired current or the desired 
light power of the laser diode 1. The specification signal UREF1 
is modified by the correction device 5, the modified signal UREF2 
being generated. 

[0050] By means of the temperature sensor 53, the control 
device 52 measures the temperature present at the laser diode 1 
or a temperature proportional thereto. Depending on the 
temperature value measured by the temperature sensor 53, the 
control device 52 reads from the memory 51 a matching correction 
value K(T) for the respective measured temperature value. For 
this purpose, correction values together with assigned 
temperature levels or temperature ranges are stored in a table 
form in the memory 51. This table forms a so-called "look-up 
table" . The look-up table may contain "delta values" for example 
for one of various temperature levels, which delta values 
additively or subtractively modify the specification signal UREF1 
of the reference source 4 . 

[0051] The look-up table may be constructed for example in 
such a way that the memory addresses of the memory cells of the 
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memory 51 in each case correspond to a temperature or a measured 
temperature value T; the content of the memory cells then 
produces the assigned correction value K(T) . The number of 
temperature levels results from the number of memory cells 
implemented and thus from the number of available address bits 
(e.g. 128 memory cells given 7 bits) . 

[0052] After the control device 52 has read the correction 
K(T) associated with the respective temperature value T from the 
memory 51, it transmits it to the analog addition element 54 via 
a D/A converter (not illustrated) . The analog addition element 
54 uses an analog modification signal to generate the modified 
specification signal UREF2 from the specification signal UREF1 
present on the input side by addition. 

[0053] In this way, a temperature adjustment can be effected 
as an alternative or in supplementation of a temperature 
adjustment by the current mirror circuit. 

[0054] It is pointed out that the use of a correction device 5 
is optional. The correction device can be dispensed with in 
particular when the current mirror circuit 30 already simulates 
the temperature response of the laser diode sufficiently 
correctly. 

[0055] The configuration of the invention is not restricted to 
the exemplary embodiments presented above, which are to be 
understood merely by way of example. For example, all the NPN 
transistors may also be realized as p-channel MOS transistors, 
and vice versa. Equally, all the PNP transistors may also be 
realized as n-channel MOS transistors, and vice versa. The 
person skilled in the art recognizes that there exist numerous 
alternative embodiment variants which make use of the teaching 
defined in the claims below. 
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